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SUMMARY 
The p u r p o s e of t h i s i n v e s t i g a t i o n w a s to i l l u s t r a t e a t e c h n i q u e for 
c o m p u t i n g , wi thout d i f f icu l ty , useful a p p r o x i m a t i o n s of the f a r - f i e l d 
r a d i a t i o n p a t t e r n s p r o d u c e d by p a r a b o l o i d a l a n t e n n a s w h e n sub jec ted to 
known d i s t o r t i o n s . The t e c h n i q u e i s a p p l i c a b l e if the r e f l e c t o r of an 
an tenna i s both l a r g e and s m o o t h c o m p a r e d wi th the w a v e l e n g t h of r a -
d ia ted e n e r g y and if the d i s t o r t i o n s in the an t enna a r e s m a l l c o m p a r e d 
wi th the edge d i a m e t e r of t h e p a r a b o l o i d a l r e f l e c t o r . 
F o r an an t enna tha t s a t i s f i e s the spec i f i ed c o n d i t i o n s , the m e t h o d 
of g e o m e t r i c a l o p t i c s i s found p a r t i c u l a r l y usefu l in obta in ing a s u i t -
ab le a p p r o x i m a t i o n of the a n t e n n a a p e r t u r e f ie ld . The g e o m e t r i c a l 
op t i c s p r i n c i p l e i s a l s o a p p l i c a b l e to the c o m p u t a t i o n of the a p e r t u r e 
f i e lds of d i s t o r t e d a n t e n n a s o t h e r than t h o s e c o n s i d e r e d in the t e c h n i q u e . 
H o w e v e r , the p r i n c i p l e is p a r t i c u l a r l y e a s y to apply to a n t e n n a s tha t 
sa t i s fy the r e q u i r e m e n t s of the t e c h n i q u e . 
In g e n e r a l the a p e r t u r e f ield and f a r - f i e l d r a d i a t i o n p a t t e r n of an 
a n t e n n a a r e r e l a t e d by the e x p r e s s i o n 
k K i r - -v ~* — — 
A = j - ^ i / F ( x , y ) e " J K r ( z • R + z • p) dS . 
F o r a m i c r o w a v e an t enna the r a d i a t i o n p a t t e r n is u s u a l l y confined to a 
n a r r o w r e g i o n about the a x i s of the u n d i s t o r t e d p a r a b o l o i d a l r e f l e c t o r . 
F o r t h i s c a s e the r e l a t i o n b e t w e e n the a p e r t u r e f ield and f a r - f i e l d r a d i a -
t ion p a t t e r n r e d u c e s to 
IX 
X = K / V ( x , y ) e j k ( x C O S e + y * i n ^ d S . 
An ana log c o m p u t e r i s d i s c u s s e d w h i c h can eva lua t e t h i s i n t e g r a l w i t h -
out d i f f icu l ty . The f a r - f i e l d p a t t e r n compu ted i s in a g r a p h i c a l f o r m . 
As an i l l u s t r a t i o n of the t e c h n i q u e , the m e t h o d of g e o m e t r i c a l 
op t i c s and the ana log c o m p u t e r a r e u sed to c o m p u t e the r a d i a t i o n p a t -
t e r n s of s o m e d i s t o r t e d a n t e n n a s . The an t enna d i s t o r t i o n s c o n s i d e r e d 
a r e a s s u m e d to have the g r o s s c h a r a c t e r i s t i c s of the d i s t o r t i o n s p r o -
duced in a p a r t i c u l a r p a r a b o l o i d a l a n t e n n a when the r e f l e c t o r of t h i s 
an tenna i s s u b j e c t e d to d i f fe ren t wind l o a d s . The l oads c o n s i d e r e d a r e 
p a r t i c u l a r i n t e n s i t i e s of an o n - a x i s wind and a l s o p a r t i c u l a r i n t e n s i t i e s 
of an o f f - ax i s w i n d . The n a t u r e of the c h a r a c t e r i s t i c d i s t o r t i o n i s 
dependen t on the inc iden t d i r e c t i o n of the wind load and t he d i s t o r t i o n 
m a g n i t u d e i s dependen t on the load i n t e n s i t y . In e a c h c a s e , a f ami ly 
of r a d i a t i o n p a t t e r n s i s c o m p u t e d c o r r e s p o n d i n g to t h e v a r i o u s m a g n i -
t u d e s of an t enna d i s t o r t i o n . In both c a s e s it i s found that i n c r e a s i n g 
the d i s t o r t i o n m a g n i t u d e c o r r e s p o n d s to a t r a n s i t i o n of the r a d i a t i o n 
p a t t e r n away f r o m the o p t i m u m p a t t e r n p r o d u c e d w h e n no a n t e n n a 
d i s t o r t i o n i s p r e s e n t . F o r e i t h e r c a s e , an uppe r l im i t on the d i s t o r t i o n 
can be d e t e r m i n e d for a spec i f i ed c r i t e r i o n in the r a d i a t i o n p a t t e r n . 
CHAPTER I 
INTRODUCTION 
In the t h e o r y of m i c r o w a v e a n t e n n a s it i s shown tha t fo r a g iven 
a m p l i t u d e i l l u m i n a t i o n d i s t r i b u t i o n in the an tenna a p e r t u r e , a un i fo rm 
p h a s e d i s t r i b u t i o n o v e r the a p e r t u r e w i l l g ive an o p t i m u m r a d i a t i o n p a t -
t e r n . A. u n i f o r m p h a s e d i s t r i b u t i o n in the a p e r t u r e of a p a r a b o l o i d a l 
a n t e n n a r e q u i r e s an exac t p a r a b o l i c s u r f a c e when u s e d w i t h a p o i n t -
s o u r c e p r i m a r y feed at the focal point of the r e f l e c t o r . Any d e v i a t i o n s 
f r o m th i s exac t p a r a b o l i c s u r f a c e wi l l i n t r o d u c e a p e r t u r e p h a s e e r r o r s 
wh ich c a u s e an i n c r e a s e in s i d e - l o b e l e v e l , d e t e r i o r a t i o n of the s h a r p -
n e s s of the p a t t e r n , and a d e c r e a s e in ga in of the m a i n r a d i a t i o n b e a m . 
S e v e r e p h a s e e r r o r s m a y a l s o c a u s e the p o s i t i o n of t he m a i n r a d i a t i o n 
b e a m to be sh i f t ed . In p r a c t i c e it i s i m p o s s i b l e to ob ta in the exac t 
p a r a b o l i c g e o m e t r y d e s i r e d due to t he r e f l e c t o r s u r f a c e d e v i a t i o n s i n -
t r o d u c e d in the m a n u f a c t u r e and a p p l i c a t i o n of t he a n t e n n a . 
The s u r f a c e d e v i a t i o n s f r o m a t r u e p a r a b o l o i d a l r e f l e c t o r , t ha t 
i s , t he s u r f a c e e r r o r s , e n c o u n t e r e d a r e of two t y p e s . One type i s 
s y s t e m a t i c or p r e d i c t a b l e , and the o the r is r a n d o m . S y s t e m a t i c s u r -
face e r r o r s and the a n t e n n a p a t t e r n d e v i a t i o n s due to t h e m a r e c a l -
cu lab le by a c o m p l e t e and r i g o r o u s a n a l y s i s of the p r o b l e m . E x a m p l e s 
of such s y s t e m a t i c s u r f a c e e r r o r s a r e sagging of the r e f l e c t o r u n d e r the 
fo rce of g r a v i t y and the r e f l e c t o r d i s t o r t i o n due to wind l o a d i n g . On the 
o the r h a n d , r a n d o m s u r f a c e e r r o r s a r e c a u s e d by a c c i d e n t a l and u s u a l l y 
s l ight d e v i a t i o n s of the r e f l e c t o r c o o r d i n a t e s f r o m t h e i r v a l u e s in the 
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p a r a b o l o i d of r e v o l u t i o n . Into t h i s c l a s s a r e p l a c e d m a c h i n e e r r o r s and 
o t h e r r a n d o m d i s t o r t i o n s of the p a r a b o l o i d a l r e f l e c t o r . The a n a l y s i s of 
r a n d o m s u r f a c e e r r o r s is a s t a t i s t i c a l p r o b l e m and i s c o n s i d e r a b l y dif-
f e r e n t f rom an a n a l y s i s of s y s t e m a t i c s u r f a c e e r r o r s . One m e t h o d of 
so lu t ion for the p r o b l e m of the effect of r a n d o m s u r f a c e e r r o r s in a 
p a r a b o l o i d a l an tenna r e f l e c t o r on the r a d i a t i o n p a t t e r n h a s b e e n g iven by 
Ruze (1) . 
In the c a s e of s y s t e m a t i c s u r f a c e e r r o r s , it i s t h e o r e t i c a l l y p o s s i -
b le to p r e d i c t the c o o r d i n a t e s for the d i s t o r t e d r e f l e c t o r s u r f a c e . T h e r e -
f o r e , if the p h a s e and a m p l i t u d e e x p r e s s i o n s for t he p r i m a r y feed a r e 
known, it i s p o s s i b l e , in t h e o r y , to c o m p u t e the p h a s e and a m p l i t u d e 
d i s t r i b u t i o n s in the a n t e n n a a p e r t u r e f i e ld . F r o m th i s a p e r t u r e f ield 
the f a r - f i e l d r a d i a t i o n p a t t e r n can be c o m p u t e d . 
The diff icul ty tha t i s e n c o u n t e r e d in t he d e t e r m i n a t i o n of the f a r -
field r a d i a t i o n p a t t e r n s p r o d u c e d by s y s t e m a t i c a l l y d i s t o r t e d p a r a b o l o i d a l 
a n t e n n a s l i e s in t he p r o h i b i t i v e m a t h e m a t i c a l a n a l y s i s i n v o l v e d . This 
difficulty h a s l i m i t e d the a n a l y s i s of s y s t e m a t i c a l l y d i s t o r t e d p a r a b o -
lo ida l a n t e n n a s . It w a s the p u r p o s e of t h i s s tudy to i l l u s t r a t e a t e c h -
n ique of g e n e r a l a p p l i c a b i l i t y which y i e l d s a useful a p p r o x i m a t i o n to the 
so lu t ion wi thout p r o h i b i t i v e m a t h e m a t i c a l a n a l y s i s . 
The t e c h n i q u e wi l l be a p p l i c a b l e to t h o s e c a s e s w h e r e 
(1) The a n t e n n a d i s t o r t i o n s a r e known or can be a p p r o x i m a t e d . 
(2) The d i s t o r t i o n s a r e s m a l l in c o m p a r i s o n wi th the d i m e n s i o n s 
of the a n t e n n a , and t h e d i s t o r t e d r e f l e c t o r s a r e both l a r g e 
and s m o o t h c o m p a r e d wi th the w a v e l e n g t h of the r a d i a t e d 
e n e r g y . 
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It will be shown that an accurate approximation of the aperture field for 
such distorted antennas can be computed without difficulty through the 
application of the method of geometrical optics. It will be shown also 
that the prohibitive calculations that may arise in computing the far-
field radiation patterns from the aperture fields can be avoided by 
making use of special analog techniques. 
The method v/ill be illustrated by solving a specific problem, that 
of calculating the far-field radiation patterns of a paraboloidal antenna 
when it is subjected to certain wind loads. Of special interest will be 
the determination of the magnitude of these systematic antenna distor-
tions which can be allowed for specified tolerances in the corresponding 
radiation pattern. 
The method. --In Chapter II, a procedure is discussed for obtaining the 
approximate aperture field of a microwave antenna with a known re-
flector surface and a known point-source primary-feed amplitude dis-
tribution . 
It is shown in Chapter III that the far-field radiation pattern, 
A (0 ,4>) , of a narrow -beam microwave antenna can be expressed in 
terms of (a) its aperture energy distribution function F(x,y) , and (b) 
the spherical coordinates 0 and <J> of the mathematical system used to 
derive the relation. Thus A(0,c|>) is given by 
3-(e.«>) = K ^ r ( x , y ) e j k ( x C O S 9 + y s i n dS (1) 
The superscribed bar will be employed to designate a complex 
quantity. 
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2kK. . . „ 
w h e r e K = 1—=e— e J 
J R 
A s p e c i a l analog c o m p u t e r which w i l l so lve E q u a t i o n 1 for the 
n a r r o w - b e a m f a r - f i e l d r a d i a t i o n p a t t e r n i s d i s c u s s e d in Chap t e r IV. 
In C h a p t e r V , a p r o c e d u r e i s d i s c u s s e d for r e l a t i n g known d e v i a -
t ions in t h e r e f l e c t o r s u r f a c e of a p a r t i c u l a r p a r a b o l o i d a l a n t e n n a to the 
n a r r o w - b e a m f a r - f i e l d r a d i a t i o n p a t t e r n . It i s shown tha t w i th th i s 
p r o c e d u r e the m a g n i t u d e of the r e f l e c t o r d i s t o r t i o n s tha t c a n be a l lowed 
for spec i f ied r a d i a t i o n p a t t e r n t o l e r a n c e s c a n be d e t e r m i n e d . 
CHAPTER II 
THE G E O M E T R I C A L O P T I C S A P P R O X I M A T I O N 
H u y g e n ' s p r i n c i p l e (2) can be d e r i v e d f r o m M a x w e l l ' s equa t i ons 
w h i c h a r e known to r e l a t e any e l e c t r o m a g n e t i c f ield to the s o u r c e s p r o -
ducing tha t f i e ld . The p r i n c i p l e s t a t e s that if a s o u r c e of r a d i a t i o n i s 
c o m p l e t e l y e n c l o s e d by an i m a g i n a r y s u r f a c e and if the e l e c t r o m a g n e t i c 
field i s known at a l l po in t s on the s u r f a c e , the field at p o i n t s e x t e r i o r to 
the s u r f a c e can be d e t e r m i n e d by s u m m i n g the c o n t r i b u t i o n s to the field 
at the e x t e r i o r p o i n t s f r o m e a c h e l e m e n t a l a r e a of the s u r f a c e , by a s -
s u m i n g e a c h to be a s e c o n d a r y s o u r c e of r a d i a t i o n . The s u m m a t i o n i s 
ob t a ined by i n t e g r a t i o n ove r the c l o s e d s u r f a c e tak ing into accoun t the 
a m p l i t u d e s , p h a s e s , and p o l a r i z a t i o n s of the f ie lds o v e r the c lo sed 
s u r f a c e . 
H u y g e n ' s p r i n c i p l e i s p a r t i c u l a r l y useful in so lv ing an t enna p r o b -
l e m s when a c e r t a i n amoun t of s p e c i a l i z a t i o n can be m a d e a s to the 
s u r f a c e a s s u m e d to e n c l o s e the s o u r c e of r a d i a t i o n . F o r the u s u a l 
n a r r o w - b e a m h i g h - g a i n a n t e n n a , a l m o s t a l l the e n e r g y i s r a d i a t e d 
t h r o u g h a p o r t i o n of the e n c l o s i n g s u r f a c e , and for th i s c a s e a s p e c i a l 
s u r f a c e con f igu ra t i on can be u s e d wh ich f a c i l i t a t e s the so lu t i on . Since 
the c l o s e d s u r f a c e can a s s u m e any a r b i t r a r y s h a p e , it m a y be m a d e such 
that the a c t i v e p o r t i o n , that i s the p o r t i o n t h r o u g h which m o s t of the 
r a d i a t e d e n e r g y p a s s e s , i s a p lane s u r f a c e , say S. Th i s su r f ace i s 
ca l led the a p e r t u r e of the a n t e n n a Since i t w a s p o s t u l a t e d tha t a l m o s t 
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all of the r a d i a t e d e n e r g y p a s s e s t h r o u g h the a p e r t u r e , t he r e m a i n i n g 
p a r t of the c l o s e d s u r f a c e can be n e g l e c t e d in the i n t e g r a t i o n p r o c e s s 
wi thout i n t r o d u c i n g s ign i f ican t e r r o r in the c a l c u l a t i o n of the r a d i a t e d 
f ie ld at p o i n t s o u t s i d e the s u r f a c e . The p l a n e s u r f a c e p r o v i d e s a c o n -
ven ien t g e o m e t r y for the i n t e g r a t i o n p r o c e s s i n v o l v e d . A l s o , it i s 
r e l a t i v e l y e a s y to obta in a c l o s e a p p r o x i m a t i o n to the f ie ld ove r the 
p l a n a r a p e r t u r e by u s e of g e o m e t r i c a l op t i c s . 
The g e o m e t r i c a l op t i c s p r i n c i p l e c a n be e x p l a i n e d by c o n s i d e r i n g 
the u s u a l m i c r o w a v e a n t e n n a . The f ield at a point in the a n t e n n a a p e r -
t u r e c o n s i s t s of t he s u m of the p r i m a r y feed field and the r e - r a d i a t e d 
field due to c u r r e n t s induced in the r e f l e c t o r s u r f a c e by the r a d i a t i o n 
f ield of the p r i m a r y f eed . The f o r m e r can u s u a l l y be n e g l e c t e d if the 
p r i m a r y feed e n e r g y i s d i r e c t e d onto the r e f l e c t o r . The r e - r a d i a t e d 
field i s the sum of c o n t r i b u t i o n s of e l e m e n t a l c u r r e n t s o v e r the e n t i r e 
r e f l e c t o r , added v e c t o r i a l l y . But the r e s u l t a n t f ield at any p a r t i c u l a r 
poin t in the a p e r t u r e i s , for the m o s t p a r t , due to a c e r t a i n p o r t i o n of 
the r e f l e c t o r f r o m wh ich the f ie ld c o n t r i b u t i o n s in the a p e r t u r e a r r i v e 
wi th e s s e n t i a l l y the s a m e p h a s e . Th i s p o r t i o n of t h e r e f l e c t o r i s c a l l ed 
"the r e g i o n of cons t an t p h a s e " for the p a r t i c u l a r a p e r t u r e po in t in q u e s -
t ion (3) . F o r w a v e l e n g t h s tha t a r e l a r g e r e l a t i v e to the r e f l e c t o r d i m e n -
s i o n s , the r e g i o n of cons t an t p h a s e m a y inc lude a l m o s t t he whole 
r e f l e c t o r . As the f r e q u e n c y of r a d i a t i o n i s i n c r e a s e d , t he r e g i o n of 
con t r ibu t ion b e c o m e s s m a l l e r . F o r op t i ca l f r e q u e n c i e s the r e g i o n of 
cons tan t p h a s e of a t yp i ca l r e f l e c t o r is e x t r e m e l y s m a l l , and a s the 
w a v e l e n g t h a p p r o a c h e s z e r o , the f ie ld at a point in the a p e r t u r e a p p e a r s 
to be r e f l e c t e d f r o m one point of the r e f l e c t o r . In t h i s l i m i t , l i n e s 
7 
which a r e n o r m a l to p h a s e f ron t s of the r a d i a t e d e n e r g y and w h i c h jo in 
the r e f l e c t i o n poin t and the feed a r e c a l l e d " r a y s " , In the g e o m e t r i c a l 
op t i c s m e t h o d , r a d i a n t e n e r g y is a s s u m e d to p r o p a g a t e along s u c h r a y s , 
wh ich a r e s t r a i g h t l i nes in a h o m o g e n e o u s m e d i u m (4 ) . A l s o , t h e s e 
r a y s exhibi t equa l a n g l e s of i n c i d e n c e and r e f l e c t i o n at r e f l e c t i n g s u r -
f aces . 
The i n t e n s i t y of the r e f l e c t e d f ield in the a n t e n n a a p e r t u r e i s o b -
t a ined by applying the p r i n c i p l e of c o n s e r v a t i o n of e n e r g y to the t o t a l 
power con ta ined in an inc iden t cone of r a y s and the to t a l p o w e r conta ined 
in the a s s o c i a t e d r e f l e c t e d p e n c i l of r a y s tha t i n t e r s e c t t he a p e r t u r e 
(5) . The p h a s e of the a p e r t u r e field of the a n t e n n a m a y be found wi th 
r e s p e c t to the p h a s e of a poin t s o u r c e p r i m a r y an tenna feed by d e t e r -
m i n i n g the op t i ca l p a t h l e n g t h s of r a y s f r o m the p r i m a r y feed to the 
r e f l e c t o r and out to t h e a p e r t u r e . 
S t r i c t l y s p e a k i n g , p r o p a g a t i o n by r a y s i s va l id only in the l i m i t 
of z e r o w a v e l e n g t h ; h o w e v e r , if the r e f l e c t i n g s u r f a c e is bo th l a r g e and 
s m o o t h c o m p a r e d wi th the w a v e l e n g t h , the f ield c l o s e to the s u r f a c e 
is d e s c r i b e d quite c l o s e l y by g e o m e t r i c a l o p t i c s . F o r the u s u a l m i c r o -
wave an tenna t h i s a p p r o x i m a t i o n i s v a l i d . 
C H A P T E R III 
THE DERIVATION O F R E L A T I O N S B E T W E E N 
A P E R T U R E - F I E L D AND F A R - F I E L D 
D e r i v a t i o n of the g e n e r a l r e l a t i o n . - - T h e e l e c t r o m a g n e t i c field at any 
point P in the f ront h e m i s p h e r e of F i g u r e 1 due to d i f f r ac t ion t h r o u g h 
a l a r g e p l a n a r a p e r t u r e of a r b i t r a r y shape is given (6) by the s c a l a r 
equa t ion 
- j k r 
A. = K / F ( x , y ) 
^ S 
jk + - z**T + jklT-p* d S (2) 
w h e r e 
F ( x , y ) 
k 
i s a p h a s o r , def ined only in the x - y p l a n e , 
w h i c h d e s c r i b e s the a m p l i t u d e and p h a s e of the 
field o v e r the a p e r t u r e S. 
is the w a v e l e n g t h of the r a d i a t e d e n e r g y . 
. 2TT 
1 S ~ • 
r , R , z , and p a r e uni t v e c t o r s , the d i r e c t i o n of p be ing 
the d i r e c t i o n of p o w e r flow at the point 
(x ,y ) of the a p e r t u r e . 
K is a c o n s t a n t of p r o p o r t i o n a l i t y . 
If, a s i s u s u a l l y the c a s e , the p o i n t s P tha t a r e of i n t e r e s t a r e in 
the f a r - f i e l d of the a p e r t u r e , the fo l lowing s impl i fy ing a s s u m p t i o n s can 
be m a d e : 
_ -1 l^T* 
1. The d i s t a n c e r , excep t in the p h a s e t e r m e J , can be 
r e p l a c e d by R , the d i s t a n c e f r o m the field poin t to the 
9 
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origin (which should be located in or near the 
aperture) . 
2 . The term 1/r can be neglected in comparison with k 
3. The directions of r and R with respect to the z-axis 
can be considered equal and thus allowing Z T to be 
replaced by z- R. 
Equation 2 then becomes 
kKl /V^. -Jkrf -r .y X = j - j p J F(x ,y)e" J ^ ^z-R + z-pjdS. (3) 
The narrow beam approximation . - -For a given aperture, the narrowest 
possible beamwidth is obtained when the energy distribution over the 
aperture is constant in both amplitude and phase (7) . Thus, if the beam 
is to be confined to a narrow angular region near the z-axis, the phase 
over the aperture, ">|/(x,y), cannot vary greatly, and the factor 
z • R + z • p can be replaced by its maximum value , 2 . Equation 3 
then becomes 
2K k r _ 
~K = J -^L- J F(x,y) e" j K rdS. (4) 
It is found by expressing r in terms of R and dropping terms of 
higher order than the first, that for large distances 
r = R - x cos 8 - y sin <j>. (5) 
Substitution of Equation 5 into Equation 4 gives 
3C = K r F ( x , y ) e j k ( x C O s 9 + * s i n +' dS (6) 
11 
w h e r e v .
2 K l k - j k R K = J - ^ e 
F o r t h e a p e r t u r e S s h o w n i n t h e x - y p l a n e i n F i g u r e 2 , E q u a t i o n 6 
i s e q u a l to e i t h e r of t h e i n t e g r a l s 
X = K 
"+a •+b 
- b 
•=•, . j k x c o s 9 , 
F ( x , y ) e J d x 
J k y s i n if ( ? ) 
o r A = K 
+b 
- b 
+ a =• , . j k y s i n <b , 
F ( x , y ) e J y f d y 
- a 
j k x c o s 9 j r d x . (8) 
T h e g e n e r a l m e t h o d of a t t a c k u s e d t o e v a l u a t e e i t h e r of t h e i n t e -
g r a l s i s t o r e d u c e t h e a p e r t u r e t o a n " e q u i v a l e n t s l i t " a p e r t u r e w h i c h 
i s d e f i n e d b e l o w . 
E x p l o r a t i o n of t h e r a d i a t i o n p a t t e r n i n t h e y - z p l a n e c a n b e m a d e 
b y s u b s t i t u t i n g 9 - TT/2 f o r s u c c e s s i v e f i x e d v a l u e s of y i n E q u a t i o n 7 . 
r +b_ 
W i t h t h e s u b s t i t u t i o n of f (y , 0 -• TT/2) = / F ( x , y ) d x w h i c h m a y b e 
7-b 
c a l l e d f ( y ) , E q u a t i o n 7 b e c o m e s 
+a 
A = K F ( y ) e J k y S i n c i > d y (9) 
- a 
T h i s i s a F o u r i e r i n t e g r a l (8) w h i c h d e s c r i b e s t h e s o l u t i o n of t h e t w o 
d i m e n s i o n a l s i n g l e s l i t d i f f r a c t i o n p r o b l e m . 
It c a n b e s e e n t h a t a s i m i l a r e q u i v a l e n t s l i t f u n c t i o n c a n b e o b -
t a i n e d f o r v a l u e s of 9 o t h e r t h a n TT/2 by l e t t i n g 
+b 
r<y.ea) = 
. j k x c o s 9 n , F ( x , y ) e J X 1 d x . 10) 
X 
,1 
(y, z plane) 
F igure 2 . Aper ture and F a r - Z o n e Diffraction-
Field Geometry 
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In this manner the radiation field from an aperture with a general 
distribution can be presented by means of a succession of <\> cuts at 
fixed values of 8. The same pattern can be presented as a succession 
of 0 cuts at fixed values of <f> by using Equation 8 instead of Equation 7. 
Equations 7 and 8 may be put into a useful normalized form, from 
the standpoint of the analog techniques to be presented in Chapter IV, 
as follows. If u and v are defined as 
u = k a sin <b (11) 
Yn 
and v = kbcos 9 (12.) 
n v ' 
and if y1 = y/a ; x' = x/b, and constants of proportionality are dropped; 
Equation 7 can be written as 
+ 1_ • , 
A(u,v) = J f ( y ' . e j e ^ d y ' (13) 
+ 1_ . , 
where f (y',0 ) = / F (x<, y!) eJVX dx', 
IV 
1 
and Equation 8 can be written as 
r+l_ . , 
X(u,v) - / f (x',4 )e J V Xdx' (14) 
1 
where f (x',<|> ) = / F (x1, y') e J u y dy 
n J -I 
Discussion of approximations and limitations .--The approximations 
contained in the derivation of Equation 3 are the common far-field 
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a p p r o x i m a t i o n s and no a p p r e c i a b l e e r r o r is i n c u r r e d as a r e s u l t of 
t h e m (9) . E q u a t i o n 3 is g e n e r a l and app l i cab l e to p r o b l e m s w h e r e the 
r a d i a t i o n p a t t e r n s cover wide a n g u l a r r e g i o n s . E q u a t i o n 6 is a c l o s e 
a p p r o x i m a t i o n of Equa t i on 3 w h e n the f a r - f i e l d r a d i a t i o n p a t t e r n i s c o n -
fined to a s m a l l a n g u l a r r e g i o n about the z - a x i s . 
T h e r e i s no s h a r p t r a n s i t i o n b e t w e e n p r o b l e m s in w h i c h Equa t ion 
6 m a y be u s e d and t hose in wh ich E q u a t i o n 3 m u s t be u s e d . In the 
t r a n s i t i o n r e g i o n the s e l e c t i o n of one equa t ion o v e r the o t h e r wi l l be 
p r i m a r i l y dependen t on the d e s i r e d a c c u r a c y in the p r e d i c t e d r a d i a t i o n 
p a t t e r n . P a s t r e s u l t s have ind ica t ed tha t the shape of the f a r - f i e l d 
p a t t e r n i s r e l a t i v e l y i n s e n s i t i v e to s m a l l v a r i a t i o n s in the a p e r t u r e 
amp l i t ude funct ion , and tha t E q u a t i o n 6 m a y u s u a l l y be u s e d if the 
r a d i a t i o n p a t t e r n is confined to a n g l e s not g r e a t e r than 30° (10) . 
C H A P T E R IV 
THE F O U R I E R I N T E G R A L ANALOG C O M P U T E R 
E v a l u a t i o n of the F o u r i e r i n t e g r a l . - - I t h a s been shown (11) tha t ana log 
c o m p u t e r t e c h n i q u e s a r e a p p l i c a b l e to the eva lua t i on of t h e F o u r i e r i n -
t e g r a l 
+ 1 
A ( u , v ) = / f ( y" ,9 ) e J U y d y ' (15) 
J - 1 n 
which e x p r e s s e s t he d e s i r e d t r a n s f o r m a t i o n b e t w e e n the n o r m a l i z e d 
a p e r t u r e d i s t r i b u t i o n of a n a r r o w - b e a m m i c r o w a v e an t enna and i t s f a r -
zone r a d i a t i o n p a t t e r n . In t h i s c h a p t e r a s p e c i a l ana log c o m p u t e r i s 
d e s c r i b e d w h i c h p r o v i d e s g r a p h i c a l so lu t i ons to the F o u r i e r i n t e g r a l . 
The ana log c o m p u t e r a u t o m a t i c a l l y e v a l u a t e s A~(u,v) f r o m an 
equa t ion of the fo r ra 13 o r 14 g e n e r a t i n g a s u c c e s s i o n of c u t s in u or v . 
Such a fami ly of cu t s de f ines the s p a t i a l r a d i a t i o n p a t t e r n d e s c r i b e d 
p r e v i o u s l y . F o r the g e n e r a l t w o - d i m e n s i o n a l a p e r t u r e , the c o m p u t e r 
is a l s o used to find an equ iva l en t s l i t a p e r t u r e t h r o u g h eva lua t i on of 
i~ (y ' , e n ) or F(x ' ,<J)n) . 
It i s s e e n that the F o u r i e r i n t e g r a l s A~(u,v), f ( y ' , 9 ) , and 
f (x',<j) ) a r e i d e n t i c a l in f o r m . F o r th i s r e a s o n a g e n e r a l i n t e g r a l i s 
defined in t e r m s of a m a c h i n e v a r i a b l e X and a m a c h i n e p a r a m e t e r U 
a s fo l lows 
The Model CF 1 F o u r i e r I n t e g r a l C o m p u t e r p r o d u c e d by 
S c i e n t i f i c - A t l a n t a , I n c . , A t l a n t a , G e o r g i a . 
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/ F ( X ) e j U X d X (16) 
+ 1 _ 
o r I(U) = / F (X) eJ y\f(X) + UX dX (17) 
w h e r e F (X) = F (X) e
j ^ X ) 
The b lock d i a g r a m in F i g u r e 3 i n d i c a t e s the m e t h o d of e v a l u a t i n g 
the g e n e r a l i n t e g r a l 17 in the ana log c o m p u t e r . The a m p l i t u d e funct ion 
F(X) and the p h a s e funct ion ty(X) a r e d r a w n in ink on a s p e c i a l dua l 
g r a p h p a p e r . T h e s e c u r v e s a r e a t t a c h e d to a d r u m of a g r a p h - r e a d i n g 
funct ion g e n e r a t o r w i th X - a x i s p a r a l l e l to the a x i s of the d r u m . As the 
d r u m r o t a t e s at 3600 r p m , two s y n c h r o n i z e d p h o t o e l e c t r i c r e a d e r s 
s c a n the c u r v e s a long the X - a x i s . In e v e r y d r u m r e v o l u t i o n , the p a s s -
ing of e a c h c u r v e ove r i t s p h o t o e l e c t r i c r e a d e r g e n e r a t e s a p u l s e with 
a t i m e p o s i t i o n tha t i s a m e a s u r e of the funct ion m a g n i t u d e . Two 
p u l s e - p o s i t i o n to vo l t age c o n v e r t e r s g e n e r a t e v a r y i n g d i r e c t v o l t a g e s 
wi th w a v e f o r m s tha t a r e r e p r o d u c t i o n s of the a m p l i t u d e and p h a s e func-
t i ons d r a w n on the g r a p h s . A. c o m p l e t e t r a v e r s e of the X - a x i s i s m a d e 
in four s e c o n d s , so that e a c h funct ion is s a m p l e d at Z40 p o i n t s . 
The p h a s e a r g u m e n t of the i n t e g r a n d of E q u a t i o n 17 i s the sum 
of the p h a s e funct ion ^(X) and the p r o d u c t UX. A. p r e c i s i o n 10- tu rn 
h e l i c a l p o t e n t i o m e t e r d e v e l o p s a v o l t a g e p r o p o r t i o n a l to the p a r a m e t e r 
U, and t h i s vo l t age i s i n t e g r a t e d to p r o d u c e a l i n e a r l y r i s i n g r a m p w i t h 
an i n s t a n t a n e o u s a m p l i t u d e tha t i s p r o p o r t i o n a l to UX . A. s u m m a t i o n 
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c i r c u i t p r o d u c e s the t o t a l p h a s e a r g u m e n t ^(X) + UX . G e a r e d to the U 
p o t e n t i o m e t e r is a s y n c h r o t r a n s m i t t e r which c o n t r o l s the c h a r t p o s i -
si* 
t ion of an i n t e g r a l m a g n i t u d e r e c o r d e r , and a m o t o r w h i c h can a u t o -
m a t i c a l l y a d v a n c e U af te r e ach f o u r - s e c o n d i n t e g r a t i o n p e r i o d . 
An e l e c t r o n i c r e s o l v e r p e r f o r m s the c o n v e r s i o n 
F ( X ) e j L t ( X ) + U X J = F(X) c o s [^(X) + U x ] (18) 
+ j.F(X) s in [\|r(X) + Ux] . 
The two q u a d r a t u r e c o m p o n e n t s of the i n t e g r a n d a r e i n t r o d u c e d into 
c h o p p e r - s t a b i l i z e d e l e c t r o n i c i n t e g r a t o r s w h i c h e v a l u a t e the c o r r e -
sponding c o m p o n e n t s of t he i n t e g r a l b e t w e e n the ±1 l i m i t s of X . After 
i n t e g r a t i o n the q u a d r a t u r e s i g n a l s a r e c o n v e r t e d to o n e - k i l o c y c l e 
s i n e - w a v e v o l t a g e s and a r e added in p h a s e q u a d r a t u r e to p r o d u c e an 
output w h i c h i s p r o p o r t i o n a l to I(U). 
A. c o m p l e x - p l a n e plot of t he i n t e g r a l is d i s p l a y e d by m e a n s of a 
long p e r s i s t e n c e o s c i l l o s c o p e . T h i s d i s p l a y p r o v i d e s a m e a n s of r e a d -
ing the p h a s e of the so lu t ion and i s a l s o of v a l u e in s tudy ing the g e n e r a -
t ion of the s o l u t i o n . 
E a c h i n t e g r a t i o n cyc l e of the c i r c u i t e s t a b l i s h e s one point in the 
so lu t i on . The m a g n i t u d e of the so lu t ion for each i n t e g r a t i o n cyc l e i s 
r e c o r d e d on the i n t e g r a l m a g n i t u d e r e c o r d e r and the p h a s e i s r e a d 
f r o m the o s c i l l o s c o p e . By r e p e a t i n g the cyc le of i n t e g r a t i o n wi th U 
An Antenna P a t t e r n R e c o r d e r p r o d u c e d by S c i e n t i f i c - A t l a n t a , 
Inc . , i s u sed . 
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advanced e a c h c y c l e , a p l a n e cut of the r a d i a t i o n p a t t e r n of the n o r -
m a l i z e d a p e r t u r e i s ob ta ined f r o m the a m p l i t u d e and p h a s e func t ions 
of the n o r m a l i z e d a p e r t u r e equ iva l en t s l i t . 
To c o n v e r t the t w o - d i m e n s i o n a l n o r m a l i z e d a p e r t u r e to an e q u i v a -
lent s l i t , a s i n g l e - c y c l e m o d e of o p e r a t i o n in the c o m p u t e r is u s e d . 
The c u r v e s of the i n t e g r a n d s of f ( y ' , 0 ) o r f (x ' , <}> ) for s u c c e s s ive 
v a l u e s of x1 o r y1 a r e a t t a c h e d to the c o m p u t e r d r u m , and the c o r r e -
sponding v a l u e s of the i n t e g r a l a r e r e c o r d e d in both p h a s e and m a g n i -
tude . The i n t e g r a l v a l u e s for s u c c e s s i v e v a l u e s of x ' or y ' a r e po in t s 
on the c u r v e s of the c o r r e s p o n d i n g p h a s e and a m p l i t u d e func t ions of 
f~(y',0 ) o r f~(x',<t> ) . 
E r r o r s in the ana log c o m p u t e r . - - I f the l i n e a r m o d e of o p e r a t i o n i s u sed 
in the m a g n i t u d e r e c o r d e r of the c o m p u t e r , the spec i f i ed a c c u r a c y of 
the m a c h i n e i s one p e r cent of f u l l - s c a l e de f lec t ion of the r e c o r d e r . If 
a l o g a r i t h m i c m o d e wi th 0 to 40 db r a n g e i s u sed in the m a g n i t u d e r e -
c o r d e r , the spec i f i ed a c c u r a c y of the m a c h i n e i s ± 0 . 2 5 db for 0 to 10 
d b , ± 0 . 5 db for 10 to 20 d b , ± 1 .0 db for 2 0 to 30 d b , ±2 db for 30 to 
35 d b , and ±3 db for 35 to 40 db (12) . T h e s e r e s u l t s a r e b a s e d on the 
m a c h i n e e r r o r s t ha t can be i n t r o d u c e d f r o m the r e a d i n g of a se t of 
funct ions on the r e v o l v i n g d r u m to the r e c o r d i n g of the c o r r e s p o n d i n g 
i n t e g r a l . 
F i g u r e 4 shows a p a t t e r n c o m p u t e d by the ana log c o m p u t e r for a 
50 w a v e l e n g t h c i r c u l a r a p e r t u r e wi th an equ iva l en t s l i t a p e r t u r e f u n c -
tion w i th z e r o p h a s e and c o n s t a n t m a g n i t u d e . The s t a i r - s t e p c u r v e 
shown in F i g u r e 4 i s the c u r v e d r a w n by the c o m p u t e r a m p l i t u d e 




r e c o r d e r . The r i gh thand c o r n e r p o i n t s of t h i s c u r v e a r e c o m p u t e d 
v a l u e s of the p a t t e r n m a g n i t u d e . The s m o o t h enve lope t h r o u g h the 
po in t s of the compu ted v a l u e s g ives the c o m p u t e d p a t t e r n m a g n i t u d e in 
d e c i b e l s below z e r o . A p l u s or m i n u s sign in a lobe of t h i s r e c o r d e d 
c u r v e s ign i f i e s tha t t he lobe i s e i t h e r in p h a s e o r 180° out of p h a s e 
wi th r e s p e c t to the p h a s e of the p a t t e r n at i t s p e a k m a g n i t u d e . 
It i s we l l known tha t the f a r - f i e l d p a t t e r n c o r r e s p o n d i n g to the 
spec i f i ed equ iva l en t s l i t a p e r t u r e field funct ion i s a s in u / u p a t t e r n . 
T h e r e f o r e , an i dea of the a c c u r a c y of the c o m p u t e r w i t h a 0 to 40 db 
l o g a r i t h m i c r e c o r d e r can be ob ta ined by c o m p a r i n g the s m o o t h c u r v e 
of F i g u r e 4 wi th the s in u / u p a t t e r n c o r r e s p o n d i n g to the 50 w a v e l e n g t h 
equ iva l en t s l i t a p e r t u r e . 
C H A P T E R V 
P R O C E D U R E 
As an i l lus t ra i t ion of a m e t h o d tha t m i g h t be u s e d to so lve the 
p r o b l e m of r e l a t i n g t he s y s t e m a t i c d i s t o r t i o n s of a p a r a b o l o i d a l a n -
t e n n a to the r e s p e c t i v e f a r - f i e l d r a d i a t i o n p a t t e r n s p r o d u c e d , a p a r t i -
c u l a r a n t e n n a s u b j e c t e d to p a r t i c u l a r wind loads wi l l be c o n s i d e r e d . 
C h a r a c t e r i s t i c s of the a n t e n n a . - - T h e a n t e n n a to be c o n s i d e r e d i s a s -
s u m e d to h a v e , a m o n g o t h e r s , the fol lowing c h a r a c t e r i s t i c s 
1. The r i m of the a n t e n n a r e f l e c t o r i s 50 w a v e l e n g t h s 
in d i a m e t e r , and it d o e s not d e v i a t e in shape o r 
p o s i t i o n when the an t enna i s s u b j e c t e d to a wind 
l o a d . 
2 . The poin t s o u r c e p r i m a r y feed for e a c h d i s t o r t e d 
an t enna is l o c a t e d at a d i s t a n c e of 20 w a v e l e n g t h s 
f r o m the r e f l e c t o r on the l ine that i s n o r m a l to 
the d i s t o r t e d s u r f a c e at the s u r f a c e po in t that 
would be the c e n t e r of r e v o l u t i o n of the s u r f a c e 
w i th no d i s t o r t i o n . 
3 . The poin t s o u r c e p r i m a r y feed h a s a f ie ld a m p l i -
tude d i s t r i b u t i o n such tha t the feed p r o d u c e s a 
T a y l o r D i s t r i b u t i o n (13) in the a p e r t u r e field of 
the p a r a b o l o i d a l an t enna (Appendix I) . 
Z3 
The s o u r c e of d i s t o r t i o n . - - The s u r f a c e of the r e f l e c t o r is c o n s i d e r e d to 
be exposed to two p a r t i c u l a r d i r e c t i o n s of a wind load wi th d i f fe ren t f ixed 
i n t e n s i t i e s for e a c h . F o r e a c h i n t e n s i t y , the wind load i s u n i f o r m in the 
p l a n e p e r p e n d i c u l a r to i t s d i r e c t i o n of m o t i o n . 
F o r a p a r t i c u l a r d i r e c t i o n and i n t ens i t y of the wind load on the 
r e f l e c t o r s u r f a c e , it would be p o s s i b l e in t h e o r y to c a l c u l a t e the an-
t e n n a r e f l e c t o r d i s t o r t i o n p r o d u c e d if the s u r f a c e f o r c e d i s t r i b u t i o n p r o -
duced by the load could be d e t e r m i n e d and if suff ic ient i n f o r m a t i o n w e r e 
known about the m e c h a n i c a l s t r u c t u r e of t he a n t e n n a . H o w e v e r , th i s 
p r o b l e m would be difficult if not i m p o s s i b l e to so lve in p r a c t i c e . 
F o r p u r p o s e of i l l u s t r a t i o n , s u r f a c e s wi l l be def ined f r o m c o n -
s i d e r a t i o n of the p h y s i c a l p r o b l e m w h i c h a r e c o n s i d e r e d to have the g r o s s 
c h a r a c t e r i s t i c s of the an t enna r e f l e c t o r when it i s sub j ec t ed to the 
s o u r c e s of d i s t o r t i o n . The l o c a t i o n s of the p r i m a r y f eeds a s s o c i a t e d 
wi th t h e s e c h a r a c t e r i s t i c s u r f a c e s wi l l be i n f e r r e d f r o m the p r i m a r y 
c h a r a c t e r i s t i c s a s s u m e d for the a n t e n n a . The r e l a t i o n s b e t w e e n the 
c h a r a c t e r i s t i c a n t e n n a s a s s u m e d and the r e s p e c t i v e f a r - f i e l d r a d i a t i o n 
p a t t e r n s p r o d u c e d wi l l be d e t e r m i n e d . 
The d i s t o r t i o n s . - - T h e r e f l e c t o r s u r f a c e s to be c o n s i d e r e d a r e t h o s e 
which a r e a s s u m e d t o have the g r o s s c h a r a c t e r i s t i c s of the d i s t o r t e d 
an tenna r e f l e c t o r s u r f a c e s which r e s u l t when the an t enna is e x p o s e d to 
the s o u r c e of d i s t o r t i o n wi th d i f f e ren t i n t e n s i t i e s and wi th a n g l e s of 
inc idence on the r e f l e c t o r of 0° and 45° wi th r e s p e c t to t he z - a x i s , 
a s shown in F i g u r e s 5 and 6, r e s p e c t i v e l y . 
The s u r f a c e s s e l e c t e d a s c h a r a c t e r i s t i c of the d i s t o r t e d r e f l e c t o r s 
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about the z-axis. The distorted reflectors selected are those obtained 
by moving each point of the paraboloidal surface in the negative z direc-
tion such that the distortion is maximum at the center of each reflector 
and decreases linearly with respect to radius to zero at the rim of the 
antenna. Referring to the reflector cross-sections in the x-z plane 
shown in Figure 5, the cross-sections are given by 
z -- *L + ( ° - 0 4 > 1*1 - A (19) 
z 4f + b b U V ) 
where X. is the wavelength of the radiated energy to be associated 
with the antenna, 
f = 20 \ , 
| x j g 2 5 X, 
and b is assigned positive values each of which is assumed 
to correspond to some intensity of the on-axis wind load. 
The surfaces selected as characteristic of the distorted reflectors 
which would occur in the 45° incidence case, denoted by Case II, with 
the direction of incidence parallel to the x-z plane are as follows: For 
each surface, points on the paraboloidal surface are distorted in the 
+z direction for x>0 and in the -z direction for x<0 with magnitudes 
which are symmetrical about both the x-z and y-z planes. For a fixed 
value of y the distortion increases linearly with x from zero at x = 0 to 
a maximum at x midway between x = 0 and the x coordinate of the re-
flector rim. It then decreases linearly with x to zero at the reflector 
rim. The maximum distortion decreases linearly from a maximum 
value of \/b at y = 0 to zero at y = 25X. Referring to Figure 6, the 
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s u r f a c e s a r e g iven by 
1 + - 4 --) 
625\- - y6 
f o r 
v/TT^T^ 2 ,/"625\2 - y 2 
\jbZ5\ - y g x g -V — —« — , 
x 2 + y 2 , (z\\ fl5\ - \y\\ ( x \ 
f o r n I I /
 6 2 5 ^ 2 - yz 
0 < x < ^—• — 
and z = — ^ ~ + I TT\ I " - " . \ UJ • , 5 T (22: I T " ^ - j ^ 2 5 , y - ^ 6 - 2 T y 2 
= x 2 , + . y 2 + f ^ f 2 S X ^ | y | \ / j _ 
2 2 ^ 6 2 5 ? ; 2 - y 2 £ x s / ^ for - y— g x g V625 x - y , 
w h e r e f = 20X, 
0 g | y | rg 2 5 \ , 
and b i s a s s i g n e d p o s i t i v e v a l u e s each of w h i c h i s a s s u m e d to 
c o r r e s p o n d to s o m e i n t e n s i t y of the 45° inc iden t wind 
l o a d . 
In bo th C a s e s I and II it i s s e e n tha t i n c r e a s i n g the load i n t e n s i t i e s 
wi l l c o r r e s p o n d to d e c r e a s i n g the v a l u e of b . 
The r a n g e of d e v i a t i o n s i n t r o d u c e d in the p a r a b o l o i d a l an t enna 
r e f l e c t o r c o n s i d e r e d h e r e i s tha t r a n g e for w h i c h the m a x i m u m o v e r - a l l 
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p h a s e d e v i a t i o n s in the a p e r t u r e t ake on v a l u e s f r o m 0° to 180° . F o r 
the m a x i m u m o v e r - a l l p h a s e d e v i a t i o n s in the a p e r t u r e it w i l l be found 
tha t b m u s t be g r e a t e r than 2 . 
The e f fec t s of the c h a r a c t e r i s t i c s u r f a c e d i s t o r t i o n s i n t r o d u c e d 
by Case I on the l o c a t i o n s of the p r i m a r y feed poin t of the an tenna a r e 
a s s u m e d to be shif ts of the feed point -\/b a long the z - a x i s , a s shown 
in F i g u r e 5 . The ef fec ts of the c h a r a c t e r i s t i c s u r f a c e d i s t o r t i o n s i n -
t r o d u c e d by C a s e II on the l o c a t i o n s of the p r i m a r y feed poin t of the 
an tenna a r e a s s u m e d to be shif ts of the feed poin t by 1 . 6 \ / b in the 
nega t i ve x d i r e c t i o n (Appendix II) , a s shown in F i g u r e 6. 
C o m p u t a t i o n of the a p e r t u r e f i e l d s . - - B e c a u s e of the n a t u r e of the d i s -
t o r t e d a n t e n n a s d e r i v e d f r o m the r e f l e c t o r d e v i a t i o n s , c e r t a i n s i m p l i -
fying a s s u m p t i o n s wi l l b e m a d e in c a l c u l a t i n g the a n t e n n a a p e r t u r e f i e ld . 
The s impl i fy ing a s s u m p t i o n s a r e : 
(1) The r e f l e c t o r s u r f a c e s a r e both l a r g e and s m o o t h in 
c o m p a r i s o n wi th the w a v e l e n g t h of the r a d i a t e d 
e n e r g y , and h e n c e the m e t h o d of g e o m e t r i c a l op t i c s 
m a y be u s e d . 
(2) The d e v i a t i o n s of the d i s t o r t e d a n t e n n a s wi l l be s m a l l 
in c o m p a r i s o n wi th the d i m e n s i o n s of the a n t e n n a . 
T h e r e f o r e , the a p e r t u r e f ield a m p l i t u d e funct ion wi l l 
be a p p r o x i m a t e l y i n v a r i a n t w i th the a n t e n n a d i s t o r t i o n s ; 
and the a p e r t u r e field p h a s e func t ions wi l l be a p p r o x i -
m a t e l y t h o s e ob ta ined by a s s u m i n g tha t the op t i ca l 
p a t h s of r e f l e c t e d r a y s wi l l be p a r a l l e l to t he z - a x i s , 
a s shown in both F i g u r e s 5 and 6 . 
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The p r o c e d u r e u s e d in f inding the a p e r t u r e field p h a s e func t ions 
for the a s s u m e d d i s t o r t e d a n t e n n a s wi l l be d e m o n s t r a t e d by f inding the 
a p e r t u r e f ield p h a s e function for C a s e I . 
The a p e r t u r e p h a s e funct ion wi l l be found in the p l ane at z = f 
a s shown in F i g u r e s 5 and 6 . F o r the c a s e of the u n d i s t o r t e d p a r a b o -
lo idal a n t e n n a , po in t s tha t a r e 2f f r o m the feed po in t a long the r e -
f l ec ted r a y p a t h s wi l l l ie in th i s p l a n e . Th i s i m p l i e s tha t the p l a n e i s 
an e q u i p h a s e p l a n e , and the p h a s e funct ion for the a p e r t u r e f ie ld of the 
p a r a b o l o i d a l an tenna m a y be t a k e n as z e r o . 
If t he an tenna i s d i s t o r t e d in t he m a n n e r of C a s e I and if r a y s in 
the x - z p l a n e of F i g u r e 5 a r e t r a c e d f r o m the feed point to the r e f l e c t o r 
and b a c k p a r a l l e l to the z - a x i s , the po in t s on the r a y s tha t a r e 2f along 
the r a y p a t h s f r o m the feed point wi l l def ine an e q u i p h a s e c u r v e tha t 
can be u s e d to d e t e r m i n e the a p e r t u r e field p h a s e func t ions . The d e r i -
va t ion of t h e s e p h a s e func t ions i s s imp l i f i ed by shif t ing t h e d i s t o r t e d 
a n t e n n a s such tha t the c e n t e r of r e v o l u t i o n of e a c h i s at the o r i g i n , a s 
shown in F i g u r e 7 . Le t t ing z1 be the z - c o o r d i n a t e in the x - z p l a n e for 
the shifted a n t e n n a s , 
x ^ (0 -04) | x | 
z Tf + b • ( 2 3 ) 
F r o m F i g u r e 7 , d' = y(f - z1) + x' (2 4) 
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Subs t i tu t ing E q u a t i o n 23 into E q u a t i o n 2 4 , 
/f 
v " 4 f 
2N2 
+ x 
0 . 0 4 x 
271 0 . 0 8 ] x | \ / , x 
~lF^ f " 4f 
1/2 
(25) 
In F i g u r e 7 , d = 
2 \ 2 
f - x 




w h e r e d i s the d i s t a n c e f r o m the focal poin t of t he p a r a b o l o i d a l an tenna 
r e f l e c t o r to any po in t on the x - z c r o s s - s e c t i o n of the r e f l e c t o r . F o r 
the r a n g e b e t w e e n 0° and 180° in the m a g n i t u d e of the m a x i m u m d e v i a -
t ion in the a p e r t u r e f ield p h a s e funct ion in Case I, the m a g n i t u d e of 
the d i f f e r ence b e t w e e n d and d1 m u s t be l e s s than \/2 . T h e n d = d1 
for E q u a t i o n 2 5 , and d1 m a y be a p p r o x i m a t e d by the f i r s t two t e r m s of 
the b i n o m i a l e x p a n s i o n 
(X + Y ) 1 / 2 = X 1 / ? ' + ^ X ' 1 / 2 Y + x - 3 / 2 y 2 + ___ (27) 
w h e r e X = x2 + (t - £f 
\n 
2 \2 
+ f = d* 
fsT 
and Y = 




Then d' = f ^-j + f 1 + 
0.0016 2 0 .02 I 13 
~ X + —f-j | X 
.. b bf 
0 .08f 
b 
2(h + i 
x 
(28) 




d e f i n e s a n e q u i p h a s e c u r v e . T h e p h a s e d e v i a t i o n s i n t h e a p e r t u r e , w i t h 
r e s p e c t t o z e r o p h a s e of t h e t r u e p a r a b o l o i d a l a n t e n n a , c a n b e f o u n d 
f r o m 
A z = z - f = z ' + f - d 1 (30) 
P 
w h e n A z i s c o n v e r t e d t o d e g r e e s of p h a s e i n t h e a p e r t u r e ( p h a s e d e v i a -
t i o n in d e g r e e s i s 360 A z A . S u b s t i t u t i n g E q u a t i o n s 2 3 a n d 2 8 i n t o 
E q u a t i o n 3 0 , 
0 . 3 2 2 I I 0 . 0 0 3 2 f 2 
n 5 - f | x | + x 
A z = 2 — - 2 - ^ • <31> 
x + 4f 
T h e u p p e r a n d l o w e r l i m i t s of t h e r i g h t h a n d s i d e of 31 o c c u r a t 
| x | = 0 a n d | x | = 2 5 \ r e s p e c t i v e l y . F o r a m a x i m u m p h a s e d e v i a t i o n 
of 180 ° i n t h e a n t e n n a a p e r t u r e , A z m u s t b e X/2 . F o r A z g \ / 2 , i t i s 
f o u n d b y c o n s i d e r i n g t h e f i r s t t e r m a l o n e i n t h e n u m e r a t o r of E q u a t i o n 
31 t h a t t h e m i n i m u m of b i s a p p r o x i m a t e l y 2 . 8 7 6 . F r o m t h i s i t f o l l o w s 
t h a t 
0 . 0 0 3 2 f x 2 
0 . 32 f2 
f o r A z s' \ / 2 
a n d 0 g | x | ^ 25 \ 
w h e r e f = 2 0 X . 
< < 1 (32 
33 
T h u s , Az = - I 1 2 8 ' X ' b l ? + 1600 
(33) 
f o r 0 < x 2 5 \ 
a n d b ^ 2 . 8 7 6 
w h e r e b = 2 .876 p r o d u c e s a m a x i m u m m a g n i t u d e of d e v i a t i o n of 180° in 
the a p e r t u r e field p h a s e func t ion . 
In a s i m i l a r m a n n e r the e x p r e s s i o n i s found (Appendix III) f r o m 
wh ich the a p e r t u r e f ie ld p h a s e funct ions can be c o m p u t e d , w i th r e s p e c t 
to the z e r o a p e r t u r e p h a s e p r o d u c e d by the p a r a b o l o i d a l a n t e n n a , for 
the d i s t o r t e d a n t e n n a s f r o m C a s e I I . The funct ion c o m p u t e d for C a s e II 
i s 
I 6 \ f 
Az = 





1 .6 \ 
2 2 ,,2 
x + y + 4f 
:34> 
w h e r e f = 2 0 \ , 
0 <; x < 
625 \ 2 - y 2 
b ^ 5 . 7 6 , 
a n d 0 g | y | g 25X, 
Az = 
T l6xf2 
x \ y 625A. - y 
2F\J + 23X " 
2 5 \ -
T5TT 




w h e r e f = 20 \, 
-y 625X. - y g x g -
625 X* y 
b § 5 . 7 6 , 
0 g | y | g 25X, 
and Az -
F l 6 X f 2 






2 , 2 , „r2 
x + y + 4f 
+ 4f x • 5 x (36) 
w h e r e f = 20X 
b ^ 5 . 7 6 




6 2 5 \ - y - , x , /625X 2 - y2 
Specif ic m a g n i t u d e s of r e f l e c t o r d i s t o r t i o n for C a s e s I and I I . - - T w o 
s e q u e n c e s of a p p r o x i m a t e v a l u e s a r e s e l e c t e d for b such tha t t he m a x i -
m u m dev i a t i on of the a p e r t u r e field p h a s e funct ion in bo th C a s e I and 
C a s e II h a s the s e q u e n c e of v a l u e s 0° , 5 . 625° , 11.25° , 22 .5° , 45° , 
90° , and 180° . F o r C a s e I t he r e q u i r e d s e q u e n c e of v a l u e s for b a r e 
r e s p e c t i v e l y QQ, 3 2 x 2 . 8 7 6 , 1 6 x 2 . 87 6 , 8 x 2 . 8 7 6 , 4 x 2 . 87 6, 
2 x 2 . 876 , and 2 . 876; and for C a s e II the v a l u e s for b a r e r e s p e c t i v e l y 
oo, 3 2 x 5 . 7 6 , 1 6 x 5 . 7 6 , 8 x 5 . 7 6 , 4 x 5 . 76 , 2 x 5 . 76 , and 5 . 7 6 ( A p -
pend ix IV) . The s i x v a l u e s of b in C a s e I o r C a s e II w i l l p r o d u c e , 
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f r o m Equa t ion 33 o r E q u a t i o n s 34 , 35 , and 36 s ix a p e r t u r e - f i e l d p h a s e 
funct ions w h i c h wi th the a s s u m e d a p e r t u r e - f i e l d a m p l i t u d e funct ion w i l l 
p r o d u c e s ix f a r - f i e l d r a d i a t i o n p a t t e r n s . E a c h of the two s e q u e n c e s of 
p a t t e r n s then m a y be c o m p a r e d wi th the p a t t e r n c o m p u t e d for the u n -
d i s t o r t e d a n t e n n a . F o r both C a s e I and C a s e II the changing c h a r a c t e r -
i s t i c s of the r a d i a t i o n p a t t e r n s wi th r e s p e c t to the o p t i m u m p a t t e r n m a y 
be c o m p a r e d wi th the c o r r e s p o n d i n g v a l u e s a s s i g n e d to b . 
The p a t t e r n cu t s c o n s i d e r e d . - - P l a n a r cu t s of the f a r - f i e l d r a d i a t i o n 
p a t t e r n s p r o d u c e d by the a p e r t u r e f ield funct ions for C a s e I and C a s e II 
w e r e compu ted by m e a n s of the ana log c o m p u t e r d i s c u s s e d in C h a p t e r 
IY . F o r C a s e I, the r a d i a t i o n p a t t e r n i s s y m m e t r i c a l about the z - a x i s 
and h e n c e , the p a t t e r n c o m p u t e d in the x - z p l a n e of F i g u r e 5 i s suffi-
c ien t to d e s c r i b e the e n t i r e f a r - f i e l d r a d i a t i o n p a t t e r n . H o w e v e r , for 
C a s e II m a n y cu t s a r e n e c e s s a r y to d e s c r i b e t he f a r - f i e l d r a d i a t i o n p a t -
t e r n in d e t a i l . F o r C a s e II s o m e i m p o r t a n t c h a r a c t e r i s t i c s of the effect 
of the r e f l e c t o r d i s t o r t i o n m a g n i t u d e on the f a r - f i e l d r a d i a t i o n p a t t e r n 
a r e shown by c o m p u t i n g the r a d i a t i o n p a t t e r n s in the x - z and y - z p l a n e s 
of F i g u r e 6 . 
The d e t e r m i n a t i o n of the equ iva len t s l i t a p e r t u r e s . - - T h e p h a s e and 
a m p l i t u d e c u r v e s of the equ iva len t s l i t a p e r t u r e s used to c o m p u t e the 
f a r - f i e l d r a d i a t i o n p a t t e r n s in the x - z p l ane for Case I and in the x - z 
and y - z p l a n e s for C a s e II a r e f o r m e d by e v a l u a t i n g e a c h equ iva len t s l i t 
a p e r t u r e funct ion at twenty p o i n t s f r o m the a p e r t u r e f ie ld func t ions in 
The r a d i a t i o n p a t t e r n s tha t a r e r e c o r d e d h e r e a r e field m a g n i -
tudes only; the p h a s e in the r a d i a t i o n p a t t e r n s i s not r e c o r d e d . 
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twen ty c o r r e s p o n d i n g cu ts equa l ly s p a c e d along the l ine of t he equ iva len t 
s l i t in the a p e r t u r e . 
The d a t a n e e d e d to c o m p u t e the a p e r t u r e field p h a s e func t ions and 
the da ta for the equ iva len t s l i t a p e r t u r e a m p l i t u d e and p h a s e funct ions 
a r e given in Append ix V and Append ix VI r e s p e c t i v e l y . 
The u n n o r m a l i z a t i o n of c o m p u t e r r e s u l t s . - -Al l of the a n t e n n a a p e r t u r e s 
a r e put into a n o r m a l i z e d f o r m in o r d e r to p r o g r a m for the a n a l o g c o m -
p u t e r . The a c t u a l r a d i a t i o n p a t t e r n s p r o d u c e d by the a n t e n n a s a r e o b -
ta ined f r o m the c o m p u t e d p a t t e r n s by u s e of the n o r m a l i z i n g E q u a t i o n s 
11 and 12. 
C H A P T E R VI 
RE:SULTS 
The n a r r o w - b e a m f a r - f i e l d r a d i a t i o n p a t t e r n s in t he x - z p lane of 
F i g u r e 5 for C a s e I of the a s s u m e d r e f l e c t o r d i s t o r t i o n s wi th s e l e c t e d 
m a g n i t u d e s of the d i s t o r t i o n c o r r e s p o n d i n g to b = °° and b = Z x 2 . 8 7 6 , 
n = 0 , 1 , 2 , 3 , 4 , and 5 a r e shown in P ' igu res 8 and 9 . F i g u r e 10 shows 
the f a r - f i e ld r a d i a t i o n p a t t e r n s in the y - z p l ane of F i g u r e 6 p r o d u c e d by 
the d i s t o r t e d a n t e n n a s for Case II of the a s s u m e d r e f l e c t o r d i s t o r t i o n s 
w h e r e the m a g n i t u d e s of r e f l e c t o r d i s t o r t i o n c o r r e s p o n d t o b = oo and 
b = 2 x 5 . 7 6 , n = 0 , 1, 2 . 3 , 4 , and 5 . F i g u r e s 11 and 12 show the 
r a d i a t i o n p a t t e r n s in the x - z p l a n e of F i g u r e 6 for Case I I . 
I 3S123 JOJ pa^nduioQ s u j a ^ j °g 9jn§i j ; 
Figure 9. Pa t t e rn s Computed for Case I (Continued) 
00 
vD 
Figure 10. Pa t t e rn s Computed in the y-z Plane for Case II 
o 
F i g u r e 1 1 . P a t t e r n s Compu ted in the x - z P l a n e for C a s e II 

CHAPTER VII 
DISCUSSION O F R E S U L T S 
C a s e I . - - T h e a n t e n n a w a s c o n s i d e r e d to be e x p o s e d to d i f fe ren t spec i f i ed 
i n t e n s i t i e s of wind l o a d , each of which w a s inc iden t upon the an tenna 
f rom the d i r e c t i o n of the f o r w a r d a x i s . F r o m an e x a m i n a t i o n of th is 
p h y s i c a l p r o b l e m , an tenna d i s t o r t i o n s w e r e def ined w h i c h w e r e con-
s i d e r e d to be c h a r a c t e r i s t i c of the a c t u a l d i s t o r t i o n s tha t would ex i s t 
in the a n t e n n a . The f a r - f i e l d r a d i a t i o n p a t t e r n s w e r e c o m p u t e d , w i t h -
out d i f f icul ty , f r o m the def ined s y m m e t r i c a l c h a r a c t e r i s t i c r e f l e c t o r s 
wi th a s s o c i a t e d p r i m a r y f e e d s . The an t enna p a t t e r n s c o m p u t e d f o r m e d 
a g r a d u a l t r a n s i t i o n away f r o m the o p t i m u m for the s e q u e n c e of i n -
c r e a s i n g v a l u e s of m a x i m u m a p e r t u r e p h a s e d e v i a t i o n . T h e r e a r e 
t r a n s i t i o n s in the p e a k m a g n i t u d e s of the m a i n lobe and f i r s t s ide lobe 
and in the d e g r e e of f i l l ing in the nul l b e t w e e n t h e m f rom d e s i r a b l e to 
u n d e s i r a b l e for the p a t t e r n s c o m p u t e d for m a x i m u m a p e r t u r e p h a s e 
d e v i a t i o n s of 11 .25° and 22 .5° . 
C a s e I I . - - T h e an t enna w a s c o n s i d e r e d to be exposed to d i f f e ren t s p e c i -
fied i n t e n s i t i e s of the wind load e a c h of w h i c h w a s inc iden t upon the 
an tenna at an angle of 45° wi th r e s p e c t to the f o r w a r d a x i s d i r e c t i o n . 
F r o m an e x a m i n a t i o n of t h i s p h y s i c a l p r o b l e m , an tenna d i s t o r t i o n s 
w e r e def ined wh ich w e r e c o n s i d e r e d to be c h a r a c t e r i s t i c of the a c t u a l 
d i s t o r t i o n s that would ex i s t in the a n t e n n a . F r o m the def ined a s y m -
m e t r i c a l c h a r a c t e r i s t i c r e f l e c t o r s wi th a s s o c i a t e d p r i m a r y f e e d s , the 
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far-field radiation pat terns were computed in two perpendicular p l anes , 
one of which was para l le l to the incident d i rect ion of the wind load. For 
each plane cons idered , the antenna pa t te rns computed formed a g r ad -
ual t ransi t ion away from the optimum for the sequence of increasing 
values of maximum aper tu re phase deviation. In the plane para l le l 
to the incident load di rect ion, there is a t rans i t ion in the over -a l l pa t -
t e rn from des i rab le to undesirable between the pa t t e rns computed for 
maximum aper tu re phase deviations of 22 .5° and 45" . Also , in the 
other plane a de ter iora t ion in the pa t te rn occurs between the pa t te rns 
computed for maximum aper ture phase deviations of 22.5° and 45° . 
However, for this second plane the pa t te rn changes a re confined p r i -
mar i l y to the main lobe . 
CHAPTER VIII 
CONCLUSIONS 
With the a p p l i c a t i o n of the m e t h o d of g e o m e t r i c a l o p t i c s , s i m p l e 
r e l a t i o n s w e r e d e t e r m i n e d which a r e a p p r o x i m a t e so lu t i ons of the un-
m a n a g e a b l e e x p r e s s i o n s r e l a t i n g the d i s t o r t e d a n t e n n a s c o n s i d e r e d 
wi th the r e s p e c t i v e a p e r t u r e f ie lds they p r o d u c e . F o r bo th C a s e s I and 
II a l i n e a r r e l a t i o n e x i s t e d b e t w e e n the m a x i m u m m a g n i t u d e of d i s t o r -
t ion in the a n t e n n a and t he m a x i m u m p h a s e d e v i a t i o n in t he f ie ld of the 
an tenna a p e r t u r e . 
It i s a p p a r e n t tha t the m e t h o d u sed to ob ta in the a p e r t u r e f ie lds 
of the d i s t o r t e d a n t e n n a s c a n a l s o be app l ied w h e n o t h e r known an t enna 
d i s t o r t i o n s ex i s t p r o v i d i n g t h e s e d i s t o r t i o n s a r e s m a l l in c o m p a r i s o n 
wi th the d i m e n s i o n s of t he a n t e n n a , and the d i s t o r t e d r e f l e c t o r s a r e 
both l a r g e and s m o o t h c o m p a r e d wi th the w a v e l e n g t h of r a d i a t e d e n e r g y . 
With the F o u r i e r i n t e g r a l ana log c o m p u t e r u sed to f ac i l i t a t e the c o m p u -
t a t i on of the far-fie'..d p a t t e r n f r o m the a p e r t u r e - f i e l d func t ion , a t e c h -
n ique i s a v a i l a b l e w i th w h i c h a useful a p p r o x i m a t i o n to t he r a d i a t i o n 
p a t t e r n of t he d i s t o r t e d p a r a b o l o i d a l an t enna can be ob ta ined wi thout 
p r o h i b i t i v e m a t h e m a t i c a l a n a l y s i s . It i s a l s o a p p a r e n t tha t for t h i s 
type of d i s t o r t i o n an a n a l y t i c a l e x p r e s s i o n for the a n t e n n a d i s t o r t i o n i s 
not n e c e s s a r y in o r d e r to d e t e r m i n e a useful a p p r o x i m a t i o n of the c o r -
r e s p o n d i n g a p e r t u r e f ie ld . It i s only n e c e s s a r y fo r the d i s t o r t i o n to be 
known at a suff icient n u m b e r of p o i n t s in the a n t e n n a . 
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With a p r o c e d u r e s i m i l a r to tha t u s e d in t he i l l u s t r a t i v e e x a m -
p l e s , it would be p o s s i b l e to c o m p u t e a s e q u e n c e of f a r - f i e l d r a d i a t i o n 
p a t t e r n s c o r r e s p o n d i n g to a s e q u e n c e of d i s t o r t e d a n t e n n a s and f r o m 
t h e m d e t e r m i n e the a l lowab le d i s t o r t i o n in the a n t e n n a for spec i f i ed 
c r i t e r i a in the f a r - f i e l d r a d i a t i o n p a t t e r n . 
A P P E N D I C E S 
A P P E N D I X I 
THE TAYLOR DISTRIBUTION 
The a p e r t u r e field a m p l i t u d e function defined to be p r e s e n t in the 
a p e r t u r e of the p a r a b o l o i d a l an t enna is t he T a y l o r D i s t r i b u t i o n for a 
30 db s ide lobe l eve l and n = 4 (14) , w h e r e the m a x i m u m v a l u e of the 
d i s t r i b u t i o n in the a p e r t u r e is n o r m a l i z e d to un i ty . The n o r m a l i z e d 
s y m m e t r i c a l a p e r t u r e a m p l i t u d e d i s t r i b u t i o n i s c o m p u t e d at twenty 
equa l ly s p a c e d po in t s ou tward along a r a d i u s of the a p e r t u r e . 
Tab le 1 . Computed V a l u e s of A p e r t u r e A m p l i t u d e F u n c t i o n 
R a d i u s F i e l d S t r e n g t h R a d i u s F i e l d S t r e n g t h 
0 1 
1 0 .996 11 0 . 6 0 1 
2 0 .989 12 0 . 5 4 1 
3 0 .974 13 0 .483 
4 0 .949 14 0 .433 
5 0 .919 15 0 .390 
6 0 .880 16 0 .354 
7 0 .835 17 0 . 3 2 4 
8 0.782 13 0 .307 
9 0 .724 19 0 .296 
10 0 .664 20 0.292 
A P P E N D I X II 
F E E D - P O I N T LOCATIONS IN THE ANTENNAS O F CASE II 
With r e s p e c t to F i g u r e 6, the feed poin t a s s o c i a t e d wi th a r e -
f l ec to r is a s s u m e d to be l o c a t e d 20 w a v e l e n g t h s f r o m the o r i g i n on the 
l ine in the x - z p l ane tha t i s n o r m a l to the r e f l e c t o r at t he o r i g i n . 
The s lope wi th r e s p e c t to t he z - a x i s of t he n o r m a l i s found a s 
f o l l o w s . The s lope of the t angen t in the x - z p l a n e at the o r i g i n is 
found f r o m 
2 
z = h + T23b (37) 
w h e r e f = 20X 
I x I < 1 2 . 5 \ . 
The tangen t s lope i s 
M = 1 2 . 5 b . (38) 
o v ' 
T h e r e f o r e , the s lope of the n o r m a l is 
N Q = - 1 / 1 2 . 5 b . (39) 
F o r b > 2 the feed point l oca t ion i s a p p r o x i m a t e l y 2 0 / 1 2 .5b 
w a v e l e n g t h s in the n e g a t i v e x d i r e c t i o n f r o m i t s u n d i s t o r t e d p o s i t i o n . 
T h u s , the dev ia t i on i s 
6 * = - ^ • (40) 
A P P E N D I X III 
THE DERIVATION O F Az F O R CASE II 
With r e f e r e n c e to F i g u r e 6, Az i s found f r o m 
Then 
d ! + (f - z) + Az = 2f 
Az = f + z - d 
(41) 
(42) 
In C a s e II , 
x 2 + y 2 , I Z\\ (Z5X - ly 
Z = T9 ' + 
]A>2 5 \" - y 
(43) 
for 0 < x < 
/ 6 2 5 X 2 - y 2 
w h e r e 
If b > 2 , 
f = 2 0 \ 
0 s | y | g 2 5 \ 
d1 = V (x - 5 x) + y + (f - z) . 
Subs t i tu t ing E q u a t i o n 43 into E q u a t i o n 44 




 + L - £UL\Z + f*£.\fa - ly
lX2 
4f 2 5 \ 
(44) 
(45) 
625 \ 2 - y 2 
2x- gx + ^x -
1/2 
4XW25X - | y | j x 
b J I " ^ H 6 2 5 ^ - y 2 
2 2> 
f x + y 
4f , 
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The distance from the focal point of the paraboloidal reflector to any 
point on the ref lector is 
1/2 
d = 2 2 [ . x + y + I f 
2 2 \2 
x + Y_ AT 
(46) 
J 
For a maximum phase deviation of 180° or l e s s in the aper tu re of the 
antennas of Case II, the magnitude of the difference between d and d' in 
Equation 45 is l e s s than \/2 . Then d1 is approximated by the first two 
t e rms of the binomial expansion 
(x .V^x^^r 1 ^^) / -^ , - (47) 
where X = x2 + y 2 +{ f - X 4+ £ 
2 \ 2 
J 
x + y 
4T~ 
+ f = d 
- -f#)KW^)2 x 625 \ 2 - yZ/ - 2x -5x -f 
Then 
5 X - I -
2 f 4\\(25\ - | y 
25 X. 
x 
/ 2 2 
d- = f x +y + f + 
625 \ 2 - y2/ 
f -
2 j . 2 x + y 
" I f 
4 \ 2 \ A25\ - [y 1 
,"?A Z5k J V 6 2 5 X 2 - y -
~~2~ T~ 
j v^^—z 
x + y 
4£ >•) 
(48) 
K ^ d ) Oi^-?) ( ^ -') - 2 - w 
2 2 » 
x + y . + f 
4f 
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S u b s t i t u t i n g E q u a t i o n s 4 3 a n d 48 i n t o E q u a t i o n 42 , A z r e d u c e s t o 
16 Xf x 25X -
2 5 \ H 2 5 \ + l y 
+ 4 f x - § x 
2 2 , r 2 
x + y + 4f 
(49) 
2 / \ 2 
\ f / x \ / 2 5 X 
25X 2 5 \ + 
y 
y 
+ 2 f - 5 x 
2 2 ~ T 2 
x + y + 4f 
F o r 0 g | x | g ^/625X - y 2 , 0 g | y | g 2 5 \ , f = 2 0 X , a n d b > 2 , 
A z m a y b e f u r t h e r a p p r o x i m a t e d by 
A z = 
l6fZX / x \ Iz5\ - y 4- 4-f-v . c v 
b U 5 X / ^25X + y 
2 2 x + y + 4 f2 
(50) 
A p r o c e d u r e s i m i l a r t o t h e o n e l e a d i n g t o E q u a t i o n 50 g i v e s 
E q u a t i o n s 35 a n d 3 6 . F r o m E q u a t i o n s 5 0 , 3 5 , a n d 3 6 , t h e m a x i m u m 
a n d m i n i m u m v a l u e s of A z f o r a g i v e n v a l u e of b o c c u r a t t h e a p e r t u r e 
p o i n t s x = + 25X, y = 0 , r e s p e c t i v e l y . A t x = - 2 5 X , y = 0 , 
A z = 
1.44X (51) 
a n d a t x = +25X, y = 0 3 
A z = -
1 .44X (52) 
A m a x i m u m p h a s e d e v i a t i o n of 180° i n t h e a p e r t u r e w o u l d b e p r o d u c e d 
by A z = + X/4 at x = - 2 5 X, y = 0 a n d A z = - \ / 4 a t x = +25 X, y = 0 . 
R e f e r r i n g t o e i t h e r E q u a t i o n 5 1 o r E q u a t i o n 5 2 , b = 5 . 7 6 . T h e r e f o r e , 
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for a m a x i m u m p h a s e dev ia t i on of 180° or l e s s in the a p e r t u r e s of the 
a n t e n n a s of C a s e ~I, b = 5 .76 Th i s f ina l condi t ion on b i n d i c a t e s tha t 
the a s s u m p t i o n b > 2 m a d e in the d e r i v a t i o n of ^ z for C a s e II i s v a l i d . 
APPENDIX IV 
APPROXIMATE VALUES OF b 
FOR SELECTED VALUES OF 
MAXIMUM APERTURE PHASE DEVIATION 
Case I. 
d z = 
128X |x 
x2 + 1600 
(53) 
l I 2 2 
The max imum and minimum values of 128 | x | X /x + 1600 a re r e s p e c -
tively 1.438X at | x | = 25 X and 0 at | x | = 0 . Therefore , the approximate 
values of b corresponding to selected values of aper tu re phase devia-
tion a re computed from 
b = 1.438X 
AzJ 
(54) 
x = 25 X 
Table 2 . Computed Values of b for Case I 




Values of b 














4 X " 
8 X " 
16 X " 
32 X " 
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C a s e I I . 
The a p p r o x i m a t e v a l u e s of b c o r r e s p o n d i n g to the s e l e c t e d v a l u e s 
of a p e r t u r e p h a s e dev i a t i on a r e c o m p u t e d f r o m 
b = ATT ( 5 5 ) 
y = 0 
Table 3 . C o m p u t e d V a l u e s of b for C a s e II 
A.z __. M a x i m u m P h a s e A p p r o x i m a t e 
n D e v i a t i o n ( D e g r e e s ) V a l u e s of b 
\/4 180 5 .76 
\/8 90 2 x 
X/16 45 4 x 
\ / 3 2 22 .5 8 x 
\ / 6 4 11 .25 16 x 
\ / 1 2 8 5 . 6 2 5 32 x 
APPENDIX V 
DATA FOR THE COMPUTATION 
OF APERTURE PHASE IN CASES I AND II 
Case I. - -The function bAz = 128 | x | \ /x + 1600 was computed for 
eleven equally spaced points along the x-axis of F igure 7. The com-
puted resu l t s a r e shown in Table 4. 
Case I I . - - T h e function bAz was computed for values of x along the 
l ines defined in the antenna ape r tu re of F igure 6 by |y] = 0, 2 . 5 A., 
5 \ , , 2 0 \ , 22. 5\, and 2 5 \ . The computed r e su l t s a re shown in 
Table 5 . 
Table 4 . Computed Values of bAz for Case I 
x (wavelengths) bAz (wavelengths) 
0 0 
2 . 5 0 .199 
5 0 .394 
7.5 0 .579 
10 0 . 7 5 3 
12.5 0 . 9 H 
15 1.052 
17 .5 1.175 
2 0 1.2 80 
2 2 . 5 1.367 
25 1.438 
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y) = 0 \ 












y = 2 . 5 \ 




± 2 . 5 ± 0 .160 
± 5 ± 0 .315 
± 7 . 5 ± 0 . 4 6 3 
± 10 ± 0 .602 
± 12 .45 ± 0 .726 
± 15 ± 0 .200 
± 17.5 qF 0 .290 
± 20 =F 0 .710 
± 22 .5 =F 1 .09 













y - 5 \ 
,25 
























2 2 . 
2 3 . 















Table 5 (Continued) 
y | = 10\ | y | = 1 2 . 5 \ 
x (X) 
bAz 
(X) x (x) b d z (X) 
0 0 
± 2 . 5 ± 0 . 0 5 8 
± 5 ± 0 . 115 
± 7 . 5 ± 0 . 1 6 8 
± 10 ± 0 . 2 1 9 
± 1 1 . 4 5 ± 0 . 2 4 7 
± 12 .5 ± 0 . 0 6 5 
± 15 T 0 . 3 0 5 
± 17 .5 =F 0 . 670 
± 2 0 * 0 . 9 9 0 
± 22 .9 T 1 .32 
0 0 
± 2 . 5 ± 0 . 0 2 8 
± 5 ± 0 . 0 5 6 
± 7 . 5 ± 0 . 0 8 3 
± 1 0 . 8 ± 0 . 115 
± 12 .5 * 0 . 136 
± 15 T 0 . 4 7 8 
± 1 7 . 5 * 0 . 8 0 0 
± 2 0 T 1 . 0 6 
± 2 1 . 65 =F 1 . 2 5 
y| = 15\ y | = 17. 5 \ 
"(X) 
bAz 




± 2 ,5 
± 5 
± 7 .5 
± 10 
± 12 .5 
± 15 
± 17 .5 






T 0 . 3 2 8 
TO. 628 
T 0 .900 
* 1.15 
0 0 
± 2 . 5 T 0 . 0 2 6 
± 5 T 0 . 0 5 2 
± 7 . 5 = F 0 o 0 7 6 
± 8 . 9 3 =F 0 . 0 9 0 
± 10 =F 0 . 2 1 1 
± 12 .5 T 0 . 4 8 3 
± 15 ^ 0 . 7 3 8 
± 1 7 . 8 5 =F 1 . 0 0 
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Table 5 (Continued) 
x (X) 
y = 2 0 \ 
bAz 
(X) "(M 
























± 2 . 5 =F 0.082 
± 5 =F 0.163 
± 5.45 =F 0. 177 
± 7 . 5 =F 0.350 
± 10 =F 0.558 
± 10.9 =F 0.627 
X (M 
y | = 2 5 \ 
bAz (M 
APPENDIX VI 
EQUIVALENT SLIT APERTURE FUNCTIONS 
FOR CASES I AND II 
Case I . - - T h e x-z equivalent slit aper tu re functions for the antennas 
considered in Case I a r e shown in Table 6. 
Case II. - -The y-z equivalent slit ape r tu re functions for the antennas 
considered in Case II a r e shown in Table 7. The x-z equivalent slit 
a p e r t u r e f u n c t i o n s f o r t h e a n t e n n a s c o n s i d e r e d i n C a s e I I a r e s h o w n i n 
Table 8 where the values of the functions at x = -2 . 5 \ through -22 . 5 \ 
a re unchanged from the values at x = +2 . 5X through +22 . 5X. except for 
the sign of the phase components . 
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Tab le 6 . E q u i v a l e n t Slit A p e r t u r e F u n c t i o n s for C a s e I 
A p e r t u r e Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
C u t s , A p e r t u r e P h a s e D e v i a t i o n A p e r t u r e P h a s e D e v i a t i o n 
| x | in i s 0° i s 5 .625° 
Wave leng ths N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magn i tude D e g r e e s Magn i tude D e g r e e s 
0 1 0 0 .998 2 .5 
2 .5 0 .995 0 0 . 9 9 4 4 . 0 
5 0 .933 0 0 .932 4 .5 
7.5 0 .860 0 0 .860 3.5 
10 0 .757 0 0 .757 3 .0 
12.5 0 .626 0 0 .625 3 .0 
15 0 .518 0 0 .518 4 . 5 
17.5 0 .408 0 0 .408 6 .5 
20 0.2 99 0 0 .299 6.5 
2 2 . 5 0.2 00 0 0 .200 5 .0 
A p e r t u r e Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
C u t s , A p e r t u r e P h a s e Dev ia t i on A p e r t u r e P h a s e Dev ia t ion 
]x | in i s 11 .25° _ _ i s 22 .5°  
W a v e l e n g t h s N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magn i tude D e g r e e s Magn i tude D e g r e e s 
0 0 .998 6 .0 0 .993 11.0 
2 . 5 0 .990 6 .0 0 .988 11.5 
5 0 .935 6.0 0 .932 12.5 
7.5 0 .860 7.5 0 .859 13.5 
10 0 .757 8 .0 0 .756 13.5 
12.5 0 .625 7.5 0 .62 5 15.5 
15 0 .518 9 .5 0 .518 19.5 
17.5 0 .408 11.5 0 .407 2 1 . 5 
20 0 .299 11 .0 0 .299 2 1 . 5 
2 2 . 5 0 .200 10.5 0 .200 2 0 . 0 
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Tab le 6 (Cont inued) 
Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
A p e r t u r e P h a s e D e v i a t i o n A p e r t u r e P h a s e D e v i a t i o n 
is 45° is 90°  
N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magn i tude D e g r e e s M a g n i t u d e D e g r e e s 
0 0 . 9 7 4 2 0 . 5 0 .898 41 .5 
2 .5 0 .973 22 .5 0 .920 4 4 . 0 
5 0 .923 2 4 . 0 0 .887 4 8 . 0 
7.5 0 .850 2 7 . 5 0 .812 54 .5 
10 0 .753 32 . Q 0 .742 61 .5 
12.5 0 .623 32 .5 0 .620 66 .5 
15 0 .517 3 6 . 5 0 .512 72 .5 
17.5 0 .406 3 9 . 5 0 .405 7 9 . 0 
20 0 .298 4 1 . 5 0 .292 8 2 . 0 
2 2 . 5 0 .198 4 2 . 0 0 .193 8 5 . 0 
A p e r t u r e Magn i tude of M a x i m u m 
C u t s , A p e r t u r e P h a s e Dev ia t i on 
| x | in is 180° 
W a v e l e n g t h s N o r m a l i z e d P h a s e in 
Magn i tude D e g r e e s 
0 0 . 6 3 3 81 .5 
2 . 5 0 .719 8 5 . 0 
5 0 .728 9 4 . 5 
7 .5 0 .718 108.0 
10 0 .682 122 .0 
12 .5 0 .590 133.0 
15 0 . 4 9 1 145 .5 
17 .5 0 .397 157.0 
20 0 .295 165.0 
2 2 . 5 0 .192 172.0 
A p e r t u r e 
Cut s , 
I x | in 
Wave leng ths 
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Table 7 . y - z E q u i v a l e n t Slit A p e r t u r e F u n c t i o n s for C a s e II 
A p e r t u r e Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
Cut s , 
| y | i n 
A p e r t u r e Ph a s e D e v i a t i o n A p e r t u r e P h a s e D e v i a t i o n 
i s 0C i s 5.625° 
W a v e l e n g t h s N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magn i tude D e g r e e s Magn i tude D e g r e e s 
0 1 1 
2 . 5 0.992 0 .991 
5 0 .917 P h a s e 0 .917 P h a s e 
7 . 5 0 . 8 5 6 0 .856 
10 0 .750 i s 0 .750 i s 
12.5 0 .628 0 .628 
15 0.512 Z e r o 0 .512 Z e r o 
17.5 0 .404 0 . 4 0 4 
2 0 0.300 0 .300 
2 2 . 5 0.202 0 .2 02 
A p e r t u r e Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
Cuts , A p e r t u r e Ph a s e Devia t ion A p e r t u r e P h a s e Dev i a t i on 
1 y 1 ^n i s 11.25° i s 2 2 . 5 ° 
W a v e l e n g t h s N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 































P h a s e 
i s 
Z e r o 
0 .2 02 0.202 
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Table 7 (Continued) 
A p e r t u r e Magni tude of M a x i m u m Magn i tude of M a x i m u m 
Cut s , 
]y| hl 
A p e r t u r e P h a s e Dev ia t ion A p e r t u r e P h a s e D e v i a t i o n 
i s 45 c i s 90° 
Wave leng ths N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magni tude D e g r e e s Magn i tude D e g r e e s 
0 0 . 9 8 8 0 .952 
2 . 5 0 . 9 8 3 P h a s e 0 .956 P h a s e 
5 0 .910 0 .892 
7 . 5 0 .850 i s 0.832 i s 
10 0 .749 0 .732 
12.5 0 .62 3 Z e r o 0 . 6 1 3 Z e r o 
15 0 .510 0 .500 
17.5 0 . 4 0 3 0 .397 
2 0 0 .300 0 . 2 9 3 
2 2 . 5 0.202 0 .200 
A p e r t u r e Magn i tude of M a x i m u m 
Cut s , 
| y | in 
A p e r t u r e Ph a s e Devia t ion 
i s 180c 
Wave leng ths N o r m a l i z e d 
Magni tude 
P h a s e in 
D e g r e e s 
0 0 . 8 1 4 
2 . 5 0 .846 P h a s e 
5 0 .820 
7 . 5 0 .766 i s 
10 0 .680 
12 .5 0 .571 Z e r o 
15 0 .465 
17 .5 0 .370 
2 0 0 .276 
2 2 . 5 0 .192 
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Table 8 . x - z E q u i v a l e n t SLit A p e r t u r e F u n c t i o n s for C a s e II 
A p e r t u r e Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
C u t s , A p e r t u r e P h a s e D e v i a t i o n A p e r t u r e P h a s e D e v i a t i o n 
x i n i s 0° i s 5 . 6 2 5° 
Wave leng ths N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magni tude D e g r e e s M a g n i t u d e D e g r e e s 
0 1 0 1 0 
2 . 5 0 . 9 9 4 0 0 . 9 9 4 0 . 0 
5 0 .935 0 0 .935 1.0 
7 . 5 0 .858 0 0 . 8 5 8 1.0 
10 0.752 0 0 .752 1.0 
12.5 0 .628 0 0 .628 1.0 
15 0 .515 0 0 . 5 1 4 0 . 0 
17.5 0 . 4 0 4 0 0 .404 - 1 . 0 
2 0 0 .300 0 0.300 - 2 . 0 
2 2 . 5 0 .201 0 0 .201 - 2 . 0 
A p e r t u r e Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
C u t s , A p e r t u r e P h a s e D e v i a t i o n A p e r t u r e P h a s e Dev ia t i on 
x in is 11 .25° i s 2 2 . 5 °  
Wave l eng ths N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magni tude D e g r e e s Magn i tude D e g r e e s 
0 1 0 1 0 
2 . 5 0 . 9 9 4 1.0 0 . 9 9 4 1.5 
5 0 .935 1.0 0 . 9 3 4 2 . 0 
7 . 5 0.857 1.5 0 .857 2 . 5 
10 0.752 1.0 0 . 7 5 1 2 . 0 
12.5 0 .627 1.0 0 .625 1.5 
15 0 . 5 1 4 - 1 . 0 0 . 5 1 4 - 2 . 0 
17 .5 0 .404 -2 .0 0 . 4 0 3 - 4 . 0 
2 0 0 .300 - 4 . 0 0 .300 - 7 . 5 
2 2 . 5 0 .201 - 4 . 0 0 . 2 0 1 - 8 . 0 
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Tab le 8 (Cont inued) 
A p e r t u r e Magn i tude of M a x i m u m Magn i tude of M a x i m u m 
C u t s , A p e r t u r e P h a s e Dev ia t ion A p e r t u r e P h a s e D e v i a t i o n 
x in is 45° is 90°  
Wave leng ths N o r m a l i z e d P h a s e in N o r m a l i z e d P h a s e in 
Magn i tude D e g r e e s M a g n i t u d e D e g r e e s 
0 1 0 1 0 
2 . 5 0 . 9 9 4 2 . 5 0 .993 3 .0 
5 0 .933 3 . 0 0 .927 4 . 5 
7.5 0 .855 4 . 0 0 .849 7 .0 
10 0 .750 4 . 0 0 .740 8 . 0 
12.5 0 .62 1 2 .5 0 .605 5 . 0 
15 0 .5 12 - 4 . 0 0 . 5 0 4 - 7 .0 
17.5 0 .402 - 8 .5 0 .400 - 1 7 . 0 
20 0 .300 - 1 5 . 0 0 .299 - 2 9 . 5 
2 2 . 5 0 .200 - 1 6 . 5 0 .200 - 3 6 . 0 
A p e r t u r e Magn i tude of M a x i m u m 
C u t s , A p e r t u r e P h a s e Dev ia t ion 
x in is 180°  
Wave leng ths N o r m a l i z e d P h a s e in 
Magn i tude D e g r e e s 
0 1 0 
2 . 5 0 .990 5 .0 
5 0 .917 9-0 
7 .5 0.822 14.0 
10 0 .699 16.0 
12.5 0 .543 10.5 
15 0 .476 - 1 3 . 5 
17.5 0 . 3 9 1 - 3 6 . 0 
20 0.2 94 - 5 7 . 0 
2 2 . 5 0 .198 - 7 3 . 0 
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